The average age of the 988 individuals in the campaign was 37 years; 51% were women; 54% had a foreign nationality; 21% lived in sheltered accommodation; 19% were lodged in third-party accommodation; 9% were homeless; and 57% possessed less than d562 (Revenu Minimum d'Insertion level). Screening was not proposed to nine patients because of medico-psychological problems. The acceptance rate for screening was 98.8% (967/979), and testing was carried out on 97.6% of these subjects (944/967). The prevalence of anti-HCV antibodies in the sample was 4.7% (44/944) (95% CI ¼ 3.4-6.2). Nearly 80% of positive cases were unknown prior to the campaign. Multivariate logistic regression modelling identified lifetime injection drug use [odds ratios (OR) ¼ 15.99; P < 0.0001], lifetime medical care in a foreign country (OR ¼ 4.46; P ¼ 0.001), and wearing tattoos (OR ¼ 2.75; P ¼ 0.048) as significant risk factors for carrying anti-HCV antibodies. Characteristics independently associated with HCV seropositivity were age between 40 and 49 years, AME benefits, and no social insurance. Conclusion: Wide acceptance of screening, high prevalence of anti-HCV antibodies (much higher than in the French population in general), a high proportion of positive cases unknown beforehand, and satisfactory follow-up of seropositive patients are all factors which support the need for a screening campaign targeting HCV infection in underprivileged persons living in France. 
A
ccording to the World Health Organisation, there are more than 170 million chronic carriers of hepatitis C virus (HCV) in the world. [1] [2] [3] In France, from a survey of those covered by the national insurance scheme (assurés sociaux du régime général), conducted in November 2004 by the Institut de Veille Sanitaire (INVS), the prevalence of anti-HCV antibodies in the general population was estimated to be 0.9%. 4 This study was part of the national framework plan for HBV and HCV launched in February 2002, 5 which primarily targeted the reinforcement of HCV screening and the reduction of HCV transmission, whose risk factors are now well known. [6] [7] [8] [9] In the underprivileged population, particularly among the homeless, the prevalence of anti-HCV antibodies is especially high. According to data from the American literature, it varies according to the samples studied, from 12 to 21% among street children, 10 ,11 from 32 to 44% among homeless adults, 9, [12] [13] [14] up to 52.5% according to Stein and Nyamathi, 15 and even up to 65% according to Riley et al. 16 in a study carried out in San Francisco among homeless persons co-infected with human immunodeficiency virus (HIV). Moreover, Nyamathi et al. 17 estimated this prevalence to be 22% among underprivileged adults living in sheltered accommodation or sleeping rough. Sherriff and Mayon-White 18 determined the prevalence rate to be 26.5% among homeless adults in Oxford, England. Roy et al. 19 estimated it to be 12.6% among street kids in Montreal, and Moses et al. 20 reported a rate of 17% among homeless adults in Winnipeg, Canada.
All these studies indicate strong exposure of underprivileged populations to HCV, due principally to an increased frequency of intravenous drug use (IVDU) or intranasal drug use, which constitutes a major risk factor for seropositivity according to most authors. Other associated factors are age over 18 years 19, 20 or age up to 41 years, 17 wearing tattoos, 15, 19 alcohol consumption, a prison record, a long period of sleeping rough, 15, 17 prostitution, 19 a history of sexually-transmitted diseases, sharing bathroom facilities (razors, toothbrushes), or needles during drug use. 15 To our knowledge, in France, no published data exist regarding the prevalence of anti-HCV antibodies among the underprivileged. However, in its 2004 study, 4 the INVS estimated this prevalence to be 2.65% among Couverture Mutuelle Universelle (CMU) claimants. Likewise, the risk factors of HCV seropositivity for people living in poverty in France are largely unknown. Nevertheless, significant transmission of this virus could be feared in this population, which is made up, in part, of ordinary migrants from countries strongly endemic in HCV (notably Africa and eastern Europe) and, in another part, of poor people living in collective accommodation (squatting or collectives) and susceptible to sharing bathroom facilities or paraphernalia where drug use is involved.
In this context, an HCV screening campaign was undertaken among underprivileged members of the public who consulted eight health centres in the Lyon region, to estimate the prevalence of anti-HCV antibodies and to identify associated risk factors.
Materials and methods

Target population
This screening exercise was conducted in eight health centres in the Lyon region where a significant proportion of the clientele was constituted of patients in economically or socially underprivileged situations, due to poor housing conditions, low levels of income, or irregular employment. The heterogeneity of this population led us to choose the type of social security of the subjects as the common inclusion criterion for the campaign. Claimants of CMU (social insurance adapted for underprivileged people of French nationality) or Aide Médicale Etat (AME) (social insurance adapted for underprivileged people with no French nationality living in France), persons availing themselves of the general social security regime without complementary insurance as well as those deprived of social security coverage but able to claim one of these measures were included in the study. The exclusion criteria were: age <18 years old, and urgent care needed by the patient. When the context was not suitable (serious physical or psychological illness, language barriers), screening was not proposed.
Sample size
Sample size, n, was based on the expected prevalence (p) of anti-HCV antibodies of 0.10, with specified relative precision e of 0.02 and confidence level a of 95%, according to n ¼ pq(e/e) 2 , which, assuming 10% refusal, resulted in 900 enrolments.
Study inclusion procedures and constitution of the population sample
The eight participating centres did not receive the same number of underprivileged people. Two centres only accepted CMU and AME claimants or subjects not having any social security at all. In one low-activity centre in which few persons were seen (200 per year), systematic inclusion of all consultants could be achieved. In a high-activity centre in which more persons were seen (2000 per year), one in three persons consulting (the third, sixth, and ninth patients in each consultation) was randomly screened because the time needed for study completion did not permit us to include all patients. The six other centres accepted both underprivileged and nonunderprivileged patients; after a preliminary review by reception personnel, all people consulting, who were CMU or AME claimants or those not having any complementary insurance, were included in the study. Thus, the number of subjects included from these six centres represented the number of all underprivileged patients seen at the centre during the study.
The study sample was therefore made up of underprivileged subjects who were consulting and included in the 8 health centres by the 43 general practitioners (GPs) participating in the campaign.
Questionnaires and data collection
The campaign was conducted between 1 June 2003 and 31 March 2004. Towards the end of the medical consultation, by interview, the doctor who knew the patient's identity, would propose a written questionnaire to each participant included without noting patient identity. The doctor asked his/her patient to fill out an informed patient consent form before inclusion in the study. This anonymous questionnaire consisted of demographic variables (age, gender) and social variables (nationality, type of accommodation, type and amount of income, type of social security). The doctor collected hepatitis C risk factors for every patient (drug use, blood transfusion, history of surgery before 1992, presence of HCV-seropositive people among the subject's relatives or friends, wearing tattoos, medical care, or surgery abroad) as well as co-factors of the morbidity of infection (HIV and HBV seropositivity, alcoholism) before proposing to take a screening blood sample, most often in the health centre. In the consultation following the screening, the doctor would note in the questionnaire the initial and confirmed serology results as well as the confirmation eventually obtained by polymerase chain reaction (PCR) testing. Then, the doctor sent the anonymous questionnaire to the Coordinating Centre.
Implementation of the screening test
The serological screening tests were performed by the laboratories which normally undertake the biological examinations for each centre. Enzyme-linked immunosorbent assay (ELISA) and third-generation tests were used. When a positive result was obtained, a second ELISA was carried out on a second sample with a different method. If this produced a further positive result, a confirmation test by PCR was conducted.
Follow-up of patients screened
In each centre, feedback consultation was scheduled in the days following the screening by the same doctor who had seen the patient the first time. After a first positive screening test, the doctor again proposed to his/her patient a second screening test in the same laboratory for confirmation. PCR was done in cases where positive serology was confirmed. Depending on the results of this test, the doctor proposed the most suitable medical care plan possible in connection with the Lyon Reference Centre of HCV Infection. To coordinate this care plan and if the doctor and the patient so desired, a specialised consultation was arranged locally in the screening location by a Reference Centre hepatologist. All follow-up care was covered for patients by their insurance (CMU or AME).
Data and statistical analysis
Data analysis was not stratified by centre because of a low number of infected individuals in some centres. Analysis, therefore, proceeded with the data collected on subjects included in all eight centres. Quantitative data were coded and collected with the ACCESS program. The results of the screening test were analysed according to the social demographics and risk factors of the study sample. In univariate analysis, the Chisquare test was used to compare variables and test differences between proportions. Then, multivariate analysis was carried out by the descending logistical regression method, to identify factors independently associated with the presence of anti-HCV antibodies. Variables having a P-value <0.15 in univariate analysis were included in the model. Statistical analysis was performed with SPSS (Version 10.1). All tests were considered to be statistically significant above the 5% level.
Results
Among the 988 patients included in the study, screening was not proposed to 9 of them due to an unsuitable situation (serious medical pathology or psychological condition, language barrier), 12 declined screening, and 77 had already been screened. In this last group, 9 were known carriers of anti-HCV antibodies, with screening having confirmed their seropositivity. The level of screening acceptance was, therefore, 98.8% (967/979). Sampling was actually undertaken in 97.6% of subjects (944/967) [95% confidence interval (95% CI) ¼ 96.5-98.4]: 886 patients in the health centres and 58 in city laboratories. Six of the twenty-three patients who did not undergo the test had to initially present themselves at a city laboratory. The level of coverage was logically higher when the screening blood sample was collected on site (98.1 versus 90.6%; P ¼ 0.0008). In our sample, the high acceptance rate among IVDUs can be explained by a high proportion of non-active users (13/16 Screening realisation and social demographic characteristics of the 988 study subjects (table 1) The level of blood sampling differed significantly by age. Those between the ages of 30 and 39 years underwent this sampling significantly less frequently than the other age groups (P < 10 À6 ).
Prevalence and crude odds ratios of HCV seropositivity according to the characteristics of the 944 subjects screened (table 2) With univariate analysis, the characteristics significantly associated with HCV seropositivity were age between 40 and 49 and over 60 years, non-French nationality, homelessness, level of income from d0-562 per month, AME, and lack of social security. These results indicated a higher prevalence for more underprivileged individuals.
Prevalence and crude odds ratios of HCV seropositivity according to risk factors for the 944 subjects screened (table 3) With univariate analysis, the risk factors significantly associated with HCV seropositivity were IVDU, healthcare abroad, tattoos, and HBV seropositivity. The odds ratios (OR) of HCV seropositivity were 1. Characteristics and risk factors independently associated with HCV seropositivity among the 944 screened subjects (table 4) With modelling by descending logistical regression, three characteristics of the screened subjects (age between 40 and 49 years, AME claimants, no social security) and three risk factors (current or previous IVDU, a previous history of healthcare abroad, wearing tattoos) were independently associated with HCV seropositivity.
Medical care of seropositive patients in the 6 months following screening (table 5) After the screening test, 44 confirmed seropositive patients accepted and underwent the PCR test for confirmation of HCV infection. This test gave a positive result in 24 cases. Six months after screening, six patients were lost to follow-up (two of them were foreign patients who had returned to their country of origin), but 86% of seropositive patients, that is 38 out of 44 patients, had benefited from regular medical follow-up carried out jointly by their GP and a hepatologist from the Lyon Reference Centre of HCV Infection. In 13 patients, interferon-alpha2b and ribavirine treatment was started as soon as possible in the Reference Centre. In the present study, we do not have the outcome after treatment was started.
Discussion
This study aimed to identify the determinants of HCV seropositivity among underprivileged individuals consulting in health centres. Its internal validity was satisfactory with a high response rate and good participation, but external validity needs to be discussed since this population is not automatically representative of all underprivileged people in France. Reliability is difficult to estimate because few studies have been performed in this population, and we hope to repeat the investigation under similar conditions to confirm these first results.
Our study sample comprised underprivileged people who consulted GPs in health centres. Their reasons for medical consultations were all kinds of diseases observed in general practice. The prevalence of anti-HCV antibodies can be generalised only for those consulting in such health centres and who had social insurance. Inference to all underprivileged people (i.e. including those who do not have access to health centres and hence to healthcare) might be questionable.
The prevalence of anti-HCV antibodies in the underprivileged population (4.7%) screened in this campaign is clearly more than $1% estimated for the general population in France. 4, 21 Likewise, this prevalence is more than the 2.65% estimated among CMU claimants in the survey conducted by Meffre et al. 4 in 2003-2004 from a national sample of social security claimants referred to the Centres d'Examens de Santé (CES). To our knowledge, this latter study was the only one performed and published in France regarding HCV screening of the underprivileged. Nonetheless, in Colombes, a study on the global health of Sonacot residents 22 noted 0.9% HCVpositive serology, previously unknown among these residents, and 3.7% HBV seropositivity versus 2.9% in our campaign (P ¼ 0.87).
Abroad, screening studies of impoverished people essentially concerned homeless populations and recorded anti-HCV antibody prevalence between 12 and 52.5%, 9-15 much greater than that found in our campaign. In an investigation of vulnerable adults staying in sheltered accommodation, Nyamathi et al. 17 likewise reported a clearly increased prevalence (22%). Our study participants might be less underprivileged than in other locations. For example, in US studies, underprivileged persons did not have social insurance and access to healthcare. This can explain the lower rate of anti-HCV infection in our present study population compared with the results obtained of US investigations.
One of the probable causes of this massive HCV contamination among the most impoverished could, as Beech et al.
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and Stein and Nyamathi 15 reported, be due to the sharing of Hepatitis C and underprivileged people paraphernalia by drug users (straws, syringes) or bathroom equipment (razors or toothbrushes), more widespread among the underprivileged than in the general population and often connected to the lack of income as well as a frequently collective lifestyle. Around 80% of infected cases detected in our campaign were unknown before to be carriers of anti-HCV antibodies. This proportion is much higher than one (46%) estimated by Meffre et al. 4 among claimants of CES. Among the clientele of GPs in city practices, most screenings [23] [24] [25] [26] likewise found a small percentage of patients previously unknown to be carriers of anti-HCV antibodies (from 4 to 25%). A seropositive subject who ignores his status cannot take preventative measures for non-transmission of HCV. In addition, transmission might be facilitated in cases of higher viraemia expected in nontreated individuals. Such a hypothesis highlights the need for innovative and appropriate measures to cut transmission in that population. In our study, the prevalence of nasal drug consumption or by injection (4%) was comparable with that estimated in France Table 1 Screening realisation and social demographic characteristics of the study subjects (n ¼ 988)
Characteristics
All patients Screening realised (n ¼ 944) 19 among 'sniffers'. However, as all these authors emphasise, intravenous drug addiction is found to be the leading seropositivity risk factor (OR ¼ 15.99).
According to the results of our multivariate analysis, healthcare received abroad, whatever the nationality of individuals (principally Eastern Europe and Africa), constituted the second greatest risk factor strongly associated with seropositivity (OR ¼ 4.46). This factor is not presented as evidence in any of the HCV screening studies carried out among impoverished populations. The result nevertheless seems to confirm the following observations: in a survey among the homeless in Bedford (Massachussetts), Desai et al. 14 reported a five times greater risk of seropositivity among Vietnam veterans (half of whom had been injured and had received care) compared with those who had never fought. Moreover, in the general population in America, Chou et al. 9 noted a two times lower risk of seropositivity among white or hispanic Americans compared with black people or people According to multivariate analysis, wearing tattoos (OR ¼ 2.75) represents the third risk factor associated with seropositivity. This finding is similar among street children in Montreal, 18 and likewise among homeless adults in Los Angeles. 15 In addition, Ko et al. 27 observed a significant increase in risk when the person producing the tattoo was not professional. Such unlicensed practices are certainly very frequent among impoverished subjects, particularly the homeless, often living in collective situations under very tenuous hygiene conditions. Even though it was connected to HCV seropositivity in univariate analysis, blood transfusion before 1992, alcohol consumption, and HBV seropositivity, unlike other studies, 15, 17 were not independently associated with the presence of anti-HCV antibodies, according to multivariate analysis. In fact, blood transfusion and HBV seropositivity appear to be strongly linked with healthcare abroad, alcohol consumption, and IVDU.
Other results of multivariate analysis revealed that men, the 40-to 49-year-old age group, AME claimants and the absence of social security among the subjects screened constituted the characteristics independently associated with HCV seropositivity. It is particularly noteworthy in their study of RMI claimants, in France, that Meffre et al. 4 recorded the highest prevalence of anti-HCV antibodies (7%) among men aged 40-49 years. Several of the pre-cited studies abroad gave similar results for males 17 and the elderly. 12, 14, 17, 19, 20 This was not the case for AME, a framework which does not exist abroad. As AME is reserved for foreign nationals living in France, there is an evident statistical connection between these two variables which explains why foreign nationality is not to be found in our final model, even though it represents a very strong risk factor for HCV seropositivity compared with that for French nationals. Moreover, Meffre et al. 4 likewise noted the highest risk among foreign nationals compared with French RMI claimants.
The absence of social security constitutes the fourth characteristic associated with seropositivity. In our model, this variable appears to be statistically connected to lack of income and homelessness, significant factors in univariate analysis not found in the final model. Such a result is not surprising because the absence of social security very often reveals a very precarious social and economic situation in a person's domestic life. In fact, in France, all impoverished people can claim this protection on condition of satisfying the necessary steps, of presenting themselves and making claims at associated or institutional social services. It therefore appears that the prevalence of anti-HCV antibodies and the risk of seropositivity are most significant for the most vulnerable subjects. In their studies, Meffre et al. 4 confirmed this hypothesis by noting that prevalence is clearly higher in cases of social vulnerability (3.5 times higher among impoverished people claiming CMU than among non-claimants). Similarly, Chou et al.
9 estimated this risk of seropositivity to be three times higher among Americans living below the poverty line compared with those living above it and among unemployed people compared with working people.
Even if our sample was small, follow-up of the 44 positive patients in our campaign appeared to be satisfactory, since 86% of them could benefit from regular medical follow-up adapted to their situation. In this group, all infected patients (PCR-positive) had access to a hepatologist. Because of the study, efficient collaboration was implemented between GPs and specialists. After the identification of infected persons, optimal follow-up was organised by specialists. However, we cannot assume that such access to care is provided outside the context of an epidemiological study.
Excluding the four subjects who were lost to follow-up, all patients presenting an indicated need for treatment were treated. This result is much better than that reported by Hall et al. 28 who, during a study in San Francisco, noted that only 6% of impoverished patients infected by HCV and eligible for treatment were actually treated. No other studies conducted abroad on the medical care of impoverished patients, consecutive to positive HCV screening, were found in the literature. Similarly, to our knowledge, no French data have been published on this theme. The only studies available concern impoverished subjects screened during blood donation or in city practices. Thus, Bonaguidi-Magniaux et al. 29 and Julien 30 estimated that the follow-up of ill people screened during blood donation was clearly insufficient. In the practices of GPs, Frère et al. 31 and Ouzan et al. 32 noted a mediocre standard of follow-up explained, in part, by the lack of training of those involved in screening with regard to HCV infection and also, in part, by the fear of hepatic biopsy and of treating seropositive patients. On the other hand, in our study of urban medicine, 33 we established that satisfactory care of seropositive patients is achieved by effective communication between the person being screened and the specialist, notably with training specially tailored for GPs and in function of the healthcare network model. In our model, the training of participating doctors by Pole de Reference hepatitis C specialists on the one hand, and by local consultations in the presence of GPs and hepatologists on the other hand facilitated this functioning within the network and reasonably explained why our results (86% of seropositive patients in care) were close to those (93%) we obtained earlier, 33 even though the two populations were very different.
This study shows that the prevalence of anti-HCV antibodies appears to be clearly higher among subjects in vulnerable situations consulting in health centres than in the general French population or in other subpopulations (clientele of Hepatitis C and underprivileged people town doctors, CES claimants). According to our results, prevalence was higher among the most impoverished subjects (homeless or foreign nationals) who cumulated the most frequent different risk factors. These findings underline the need for a screening campaign for HCV infection in underprivileged persons. The history of HCV transmission and infection in this population is not well known. To obtain more knowledge on this issue, we suggest that transversal studies be conducted by cohort investigation to describe the natural history of HCV infection in this population (C13). Until then, appropriate prevention measures should be proposed to underprivileged IVDU and to non-IVDU populations. Difficulties could be due to finding the right and adapted means of sharing information to prevent HCV transmission.
